Synthesis of 4-substituted 3-exo-methylenechroman derivatives was carried out by the n-Bu3SnH-mediated vinyl radical cyclization as the key step starting from various salicylaldehydes.
Introduction
The family of 1-benzopyran subunits such as chromans, 1 2H-chromenes, 2 and 4H-chromenes 2 represents an important family of oxygen-containing natural products and showed many interesting biological activities.
1,2 Thus, many synthetic procedures for these compounds have been reported. [1] [2] [3] However, the synthesis of exo-methylenechromans, the regioisomeric form of chromenes (Figure 1 ), has not been reported much even though this type of compounds would also show interesting biological activities. 3 Very recently, Roy and Jana reported the novel synthesis of exo-methylenechromans by radical-promoted cyclization using Cp2TiCl. 
Results and Discussion
During the studies on the radical cyclization with modified Baylis-Hillman adducts having triple bond, 4 we presumed that exo-methylenechroman derivatives could be synthesized by using vinyl radical cyclization protocol as shown in Scheme 1. [4] [5] [6] However, literature survey showed that such examination was never tried to our surprise. As shown in Scheme 1, the starting material 2a was prepared straightforwardly from salicylaldehyde (1a) by the Wittig reaction with carbethoxymethylene triphenylphosphorane and the following propargylation (K2CO3, propargyl bromide, DMF) in good yield. Radical cyclization of 2a was carried out by following the typical radical cyclization procedure [4] [5] [6] with nBu3SnH in the presence of AIBN (cat) in benzene followed by destannylation with aq HCl in ether to give the desired exo-methylenechroman derivative 3a in 85% isolated yield. The reaction mechanism was also shown in Scheme 1.
As shown in Table 1 , we prepared other exo-methylenechroman derivatives 3b-e according to the above general procedure in high yields from 2b-e. When we subjected 2f under the radical cyclization conditions, exo-methylenechroman derivative 3f was obtained in 46% yield via the 6-exo-trig mode. In addition, in the reaction mixture we isolated seven-membered ring compound 4 in 40% as a syn/ anti (1:1) mixture, which was formed via 7-endo-trig mode (entry 6). The results might be attributed to the increased steric crowdedness around the β-position of the α,β-unsaturated ester moiety of 2f.
It is interesting to note that the reaction of 5 under the same conditions gave the reduction compound 6 (60%) as the major product (Scheme 2). We could not isolate the corresponding 7-membered cyclized compound. Radical cyclization of aryl radical in a 7-exo-trig mode was not effective in this case. As a next trial, we prepared 7 from 1a by the successive propargylation and Knoevenagel condensation with malononitrile. However, the radical cyclization of 7 was ineffective and we obtained simple reduction compounds 8 and 9 in 38% and 42%, respectively (Scheme 3). 7 Finally the exo-methylene moiety of 3a could be readily isomerized into the endo form of compound 10, 2H-chromene skeleton in Figure 1 , by DBU treatment in high yield (Scheme 4).
In summary, we developed a facile and practical method for the synthesis of 4-substituted 3-exo-methylenechroman derivatives by the n-Bu 3 SnH-mediated vinyl radical cyclization as the key step starting from various salicylaldehydes.
Experimental Section
General procedure. separations were carried out by flash column chromatography over silica gel (230-400 mesh ASTM). Organic extracts were dried over anhydrous MgSO4 and the solvents were evaporated on a rotary evaporator under water aspirator pressure.
Synthesis of starting materials 2a-f, 5 and 7. The synthesis of starting materials, 2a-d, 2f, and 5, was carried out by Wittig reaction (Ph 3 P=CHCOOEt, benzene, reflux) of the corresponding salicyladehydes and the following propargylation with propargyl bromide (K 2 CO 3 /DMF, rt) or benzylation with 2-bromobenzyl bromide (K 2 CO 3 /DMF, rt). Other starting materials, 2e and 7, were prepared by sequential propargylation of salicyladehyde followed by Knoevenagel condensation reaction with CH 3 CN (KOH, reflux) 8 or with malononitrile (Ph 3 P, benzene, reflux). 
